For improved L-serine production, an L-serine dehydratase-defective mutant of Sarcina albida IAM 1012 was obtained. In the mutant, the activities of the enzymes responsible for L-serine production were as high as those in the parent strain, and, at a low glycine concentration, the mutant accumulated L-serine more efficiently than the parent. Under optimum conditions, 21 mg of L-serine per ml accumulated from 100 mg of glycine per ml. L-Serine was isolated from a reaction mixture as L-serine m-xylene-4-sulfonate, and free amino acid was obtained in high yields by use of an ion-exchange resin. Residual glycine was recovered at a yield of 61%.
A previous paper (1) reported the microbial production of L-serine from glycine by Sarcina albida. The ability of this microorganism to produce L-serine at a glycine concentration of 200 mg/ml is high: accumulations of 22 mg of Lserine per ml have been demonstrated (1). Other L-serine-producing microorganisms, such as Nocardia butanica (6) to 19 mg of L-serine per ml when grown at a low concentration of glycine. For industrial production of L-serine, it is necessary to produce Lserine from lower concentrations of glycine to facilitate the separation of L-serine from reaction mixtures containing glycine. However, L-serine production by S. albida at a low concentration of glycine has been unsuccessful because Lserine dehydratase is inactivated by glycine at a high concentration (1, 2) but is not inactivated at a low concentration. Degradation of L-serine by L-serine dehydratase reduces accumulation of Lserine at a low concentration of glycine. Therefore, the suppression of L-serine degrading activity is essential for L-serine production (8) . In this paper, we describe an improved method for L-serine production in which a mutant suppressed in L-serine degrading activity and a method of isolating L-serine from the reaction mixture with m-xylene-4-sulfonic acid are used.
MATERIALS AND METHODS
Organism. S. albida IAM 1012 was used. Mutation. One loopful of cells grown on nutrient agar (distilled water plus 0.5% glucose, 1.0% peptone, 0.3% meat extract, 1.0o yeast extract, 0.5% sodium chloride, 1.5% agar; pH 7.0) at 30°C overnight was suspended in saline, centrifuged (3,000 x g, 5 min), washed with saline, and suspended in saline containing 500 F.g of N-methyl-N'-nitro-N-nitrosoguanidine (NTG) per ml. After 10 min of shaking at 30°C, the cells were centrifuged, washed with saline, transferred to liquid medium [1.0% glucose, 0.5% (NH4)2SO4, 0.2% yeast extract, 0.1% KH2PO4, 0.1% K2HPO4, 0.05% MgSO4 -7H20; pH 7.0], and incubated for 18 h at 30°C. The cells were harvested by centrifugation, washed with saline, and spread on an agar plate after suitable dilution. The plates were incubated at 30°C for 3 to 4 days. By replica plating, colonies were transferred to plates of medium A [0.5% glucose, 0.5% (NH4)2SO4, 0.2% yeast extract, 0.1% KH2PO4, 0.1% K2HPO4, 0.05% MgSO4 * 7H20, 0.1% L-alanine, 1.5% agar; pH 7.0], medium B [same as medium A except that 0.5% (NH4)2SO4 and 0.1% L-alanine were replaced by 0.5% L-serine], and medium C (same as medium A except that 0.5% glucose and 0.1% Lalanine were replaced by 0.5% L-serine). The plates were incubated for 3 to 4 days at 30°C. On media B and C, S. albida cells that were not defective in L-serine dehydratase were able to grow by utilizing L-serine as the sole carbon and nitrogen source. However, Lserine dehydratase-defective mutants were only able to grow on medium A. Addition of L-alanine enhanced the growth rate of S. albida. Colonies which grew on medium A but not media B and C were selected as Lserine dehydratase-defective mutants. glycine, 0.1% KH2PO4, 0.1% K2HPO4, 0.01% MgSO4 -7H20, 0.001% MnSO4 -4H2O-MnSO4 -6H20, 0.0001% FeSO4 * 7H20; pH 7.0]. The culture was shaken at 30°C for 28 h (140 rpm, 7-cm strokes), and then 0.5 ml of the seed culture was inoculated into the production medium. Unless otherwise noted, the production medium was distributed in 130-ml amounts into 500-ml flasks and incubated as described above.
L-Serine production. After being harvested from the cultures by centrifugation (10,000 x g, 5 min) the cells were suspended in a reaction mixture consisting of glycine and 30 FM pyridoxal phosphate (pH 7.0). The volume of the reaction mixture was the same as that of the culture broth. The concentrations of glycine were 50, 75, and 100 mg/ml. Incubation was carried out at 30°C in 500-ml flasks containing 130-ml amounts of the reaction mixture or in 2-liter jar fermentors (L. E. Marubishi MD-250) containing 1-liter portions of the reaction mixture, as described in the legends to Fig. 3 and 4. Analysis. L-Serine hydroxymethyltransferase activity was assayed by the method of Scrimgeour and Huennekens (7). After being harvested by centrifugation (3,000 x g, 5 min), the cells were washed with saline, suspended in saline, sonicated (10 kc, 10 min), and centrifuged. The supernatant was used as the source of enzyme. One unit of L-serine hydroxymethyltransferase activity is defined as the amount of enzyme which consumed 1 ,umol of HCHO per min under the conditions described previously (1). Glycine synthase (3, 6) was assayed as follows. A reaction mixture consisting of 500 ,umol of potassium phosphate buffer (pH 8.0), 0.3 ,umol of pyridoxal phosphate, 200 ,umol of glycine as the substrate, and washed cells (final volume, 2 ml) was incubated at 30°C for 15 min. The reaction was stopped by addition of 0.2 ml of 4 N sulfuric acid. The carbon dioxide generated was measured manometrically. One unit of glycine synthase activity was defined as the amount of enzyme which generated 1 ,umol of carbon dioxide per min under the conditions of the assay. L-Serine dehydratase was assayed as follows. The pyruvate generated from L-serine by L-serine dehydratase was measured colorimetrically as described previously (5) . One unit of L-serine dehydratase activity was defined as the amount of enzyme which generated 1 
RESULTS
Isolation of mutant strain ME-34. L-Serine dehydratase-defective cells were isolated from NTG-treated cultures of the parent strain as described in Materials and Methods. ME-34 was selected as the best L-serine producer and used for further detailed studies.
Cultural conditions for enzyme formation and changes during fermentation. To determine optimum conditions for enzyme formation, we examined medium composition, pH, and temperature. The optimum medium composition for ME-34 was almost the same as that for the parent strain. The optimum pH and temperature were also the same: 7.0 and 30°C, respectively. glycine synthase, which are responsible for Lserine production, was obtained with 130 ml of medium per flask after 28 h of incubation (Fig.  1) . Moreover, the level of L-serine dehydratase activity was very low at all volumes employed. Figure 2 shows the dynamics of fermentation by ME-34 under optimum conditions. L-Serine hydroxymethyltransferase and glycine synthase formation paralleled growth, and maximum enzyme activities were attained after 28 h of incubation with shaking at 30°C. Formation of Lserine dehydratase was low at all times.
Maximum L-serine hydroxymethyltransferase and glycine synthase activities of ME-34 were almost the same as those of the parent (Table 1) . The activity of ME-34 L-serine dehydratase was reduced to 1% of the parent activity. Thus, ME-34 was more suitable than the parent for L-serine production.
L-Serine production by ME-34. Conditions for production of L-serine are described in the legends to Fig. 3 and 4 . The effect of glycine concentration on L-serine production was examined ( Fig. 3) . At a low glycine concentration, ME-34 was able to produce L-serine from glycine more efficiently than the parent: 8 mg of Lserine per ml was produced from 50 mg of glycine per ml, without concomitant accumula- tion of other amino acids. However, the amount of residual glycine was considerable (data not shown). Further examination of L-serine production was carried out by using a 2-liter jar fermentor and a pH controller. The amounts of L-serine produced at glycine concentrations of 50 and 100 mg/ml were 10 and 21 mg/ml, respectively (Fig. 4) . However, the amount of residual glycine was still considerable. During L-serine production, pH control was effective (9, 10): the optimum pH for formation of the enzymes responsible for L-serine production was 7.5 Isolation of L-serine by crystallization. For isolation of L-serine from the reaction mixture, a crystallization procedure was used. We found that m-xylene-4-sulfonic acid could be used not only for optical resolution of DL-serine (11) Incubation was carried out at 30'C in 500-ml flasks containing 130-ml portions of the reaction mixture with reciprocal shaking (140 rpm, 7-cm strokes). Symbols: 0, 0, glycine at 100 mg/ml; A, A, glycine at 75 mg/ml; *, 0, glycine at 50 mg/ml. however, the S. albida L-serine dehydratase activity is unstable in the presence of glycine, and a considerable amount of L-serine accumulates when a high concentration of glycine is used as the substrate. At a low concentration of glycine, L-serine degradating activity is not inactivated so L-serine production is low. To improve the yield of L-serine, it is necessary to suppress L-serine degradation. For this purpose, a mutant defective in L-serine degradation was isolated. There was no significant difference between ME-34 and the parent strain in the activities of the enzymes responsible for Lserine production, but the activity of ME-34 Lserine dehydratase was reduced greatly (Table  1) . The mutant accumulated L-serine efficiently from glycine at a low concentration (Fig. 3) . Thus, blocking L-serine degradation led to improved productivity. However, the blocking was not perfect. In fact, degradation of accumulated L-serine was observed when incubation was carried out for a long time. Though production of L-serine by ME-34 was better than production by the parent, the conversion ratio was still inferior to those of N. butanica (6), C. glycinophilum, and Pseudomonas sp. strain MS-31. In isolating L-serine, it is desirable that only trace amounts of residual glycine be present in the reaction mixture. However, by using a crystallization procedure and m-xylene-4-sulfonic acid, we could isolate L-serine from a reaction mixture containing a considerable amount of glycine. m-Xylene-4-sulfonic acid was suitable for this procedure.
